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Abstract: Bipolar disorder is a common, complex genetic disorder, but the mode of transmission 
remains to be discovered. Many researchers assume that common genomic variants carry some 
risk for manifesting the disease. The research community has celebrated the first genome-wide 
significant associations between common single nucleotide polymorphisms (SNPs) and bipolar 
disorder. Currently, attempts are under way to translate these findings into clinical practice, 
genetic counseling, and predictive testing. However, some experts remain cautious. After 
all, common variants explain only a very small percentage of the genetic risk, and functional 
consequences of the discovered SNPs are inconclusive. Furthermore, the associated SNPs are 
not disease specific, and the majority of individuals with a "risk" allele are healthy. On the 
other hand, population-based genome-wide studies in psychiatric disorders have rediscovered 
rare structural variants and mutations in genes, which were previously known to cause genetic 
syndromes and monogenic Mendelian disorders. In many Mendelian syndromes, psychiatric 
symptoms are prevalent. Although these conditions do not fit the classic description of any 
specific psychiatric disorder, they often show nonspecific psychiatric symptoms that cross diag- 
nostic boundaries, including intellectual disability, behavioral abnormalities, mood disorders, 
anxiety disorders, attention deficit, impulse control deficit, and psychosis. Although testing 
for chromosomal disorders and monogenic Mendelian disorders is well established, testing 
for common variants is still controversial. The standard concept of genetic testing includes at 
least three broad criteria that need to be fulfilled before new genetic tests should be introduced: 
analytical validity, clinical validity, and clinical utility. These criteria are currently not fulfilled 
for common genomic variants in psychiatric disorders. Further work is clearly needed before 
genetic testing for common variants in psychiatric disorders should be established. 
Keywords: bipolar disorder, risk factors, genomic variants, structural variants, Mendelian 
disorders, genetic testing 

Introduction 

Bipolar disorder is a severe and common mental disorder. It is present in approximately 
5.7 million American adults, or 2.6 percent of the US population aged 18 years and older 
in any given year. 1 At the core of the disease are dramatic and unpredictable mood swings 
between mania and depression. The diagnosis is usually made based on a combination 
of clinical indicators from a list of diagnostic criteria. 2 Bipolar disorder has a charac- 
teristic disease course, but the individual symptoms of bipolar disorder are not specific, 
and they may vary considerably from person to person and over the disease course. In 
some individuals, symptoms of depression prevail; in others, the clinical presentation 
is dominated by elevated or irritable mood with excessive energy, hyperactivity, and 
even aggressiveness. 3 About half of the individuals diagnosed with bipolar disorder 
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also suffer from distorted experiences of reality, known as 
hallucinations and delusions. 4 Because the symptoms of 
bipolar disorder are shared with many psychiatric disorders, 
the diagnostic boundaries are not clearly defined. Not uncom- 
monly, patients change diagnoses over the course of a lifetime. 
The clinical presentation is highly variable; hence, bipolar 
disorder has also been conceptualized as a group of related 
mood disorders, referred to as bipolar spectrum disorders. In 
addition, anxiety disorders, abuse of illegal substances, alco- 
hol dependence, and attention-deficit/hyperactivity disorder 
often co-occur with bipolar disorder. 5 " 8 This phenomenon is 
not well understood. Although some experts believe that these 
conditions share common genetic risk factors with bipolar 
disorder, others have been more cautious. The disease onset 
of bipolar disorder is during adolescence and early adulthood, 
but the diagnosis is often delayed by many years. 9 A contribut- 
ing factor is the complex clinical picture, with sometimes very 
subtle symptoms, at disease onset. This is particularly tragic, 
as about half of the individuals with bipolar disorder attempt 
suicide at least once in their lifetime, and many complete 
the attempt. 1011 Despite severe symptoms, treatment can be 
successful if the correct diagnosis is made and treatment is 
initiated early. 12 Consequently, enormous efforts have been 
made to identify genetic risk factors or biomarkers that would 
identify individuals at risk and could facilitate early diagnosis 
and treatment. 

Bipolar as a common 
complex disorder 

Bipolar disorder is a complex and multifactorial disorder. The 
heritability of bipolar disorder based on concordance rates 
for bipolar disorder in twin studies has been estimated to be 
between 60% and 80%. 13 Slightly lower estimates of genetic 
risk have been suggested based on family studies and large 
population cohorts. 14 Even though this evidence for genetic 
risk factors is convincing, most clinicians would agree that 
a positive family history of bipolar disorder is actually not 
very common in everyday clinical practice. In fact, it is quite 
rare to find families in which bipolar disorder affects multiple 
members over several generations, as would be expected 
for a monogenic Mendelian disorder. Many patients are 
isolated cases. In addition to genetic risk factors, nongenetic 
risk factors might contribute to the manifestation of bipolar 
disorder, as well, such as alcohol and drug dependence or 
physical and sexual abuse. 15 It has been well established 
that environmental and social risk factors play a significant 
role in schizophrenia. 16 " 19 A similar picture might evolve in 
bipolar disorder, as well. 20 



In addition to inherited genomic variants, recent evidence 
supports a significant role of de novo protein-damaging 
mutations in psychiatric disorders. 21 Experts in the field 
agree that susceptibility to bipolar disorder is most likely 
influenced by many genetic risk factors with small to 
moderate effect. Individual-specific and family-specific 
environmental factors might play a role, as well. The results 
of genome-wide association studies have supported this 
disease model. In very large population-based studies of 
thousands of individuals, a handful of replicated association 
signals have emerged at the level of genome-wide statistical 
significance. 22 In general, these variants have had very small 
effect sizes. Due to space constraints, I shall focus only 
on single nucleotide polymorphisms (SNPs) in the genes 
CACNA1C, ODZ4, and NCAN, which have emerged as 
promising candidate genes for bipolar disorder in genome- 
wide association studies. I admit that this selection could be 
disputed, but it is beyond the scope of this review to mention 
all candidate genes for bipolar disorder that have emerged 
so far. As no gene could be considered as an undeniable 
risk factor, the interested reader is referred to other recent 
reviews on this subject. 23 On the other hand, rare genetic 
syndromes and monogenic Mendelian disorders could pres- 
ent with psychiatric symptoms that closely resemble bipolar 
disorder or schizophrenia. These genetic disorders are often 
not properly diagnosed (Figure 1). Therefore, it is important 
to alert clinicians to genetic syndromes that could resemble 
primary psychiatric disorders. In many cases, the genetic 




Monogenic Mendelian disorders 



Figure I Symptoms of mood disorders are shared among common complex 
disorders, rare chromosomal disorders, and monogenic Mendelian disorders. 
Although many common complex disorders and rare Mendelian disorders share 
psychiatric symptoms, they do not always share the same genetic risk factors. 
Common complex disorders, such as bipolar disorder, are likely influenced by 
many genetic variants with small effect, in addition to environmental risk factors. 
Rare chromosomal disorders are characterized by large chromosomal deletions 
and duplications, which could potentially affect hundreds of genes. Rare monogenic 
Mendelian disorders are caused by characteristic mutations in a single gene. These 
differences in genetic risk factors have important consequences for risk prediction, 
genetic testing, and counseling. 
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cause is already known, and genetic testing could assist in 
the differential diagnosis. 

Common variants as risk 
factors for bipolar disorder 

CACNAIC (calcium channel, voltage- 
dependent, L type, alpha- 1 C subunit) 

The SNP rsl006737 in the gene CACNAIC is the most repli- 
cated and most studied common genomic variant associated 
with bipolar disorder to date. 24 " 26 The SNP is located in an 
intronic region and it occurs with significant allele frequency 
differences in all ethnic populations. The A allele, which is 
thought to be a risk factor for bipolar disorder, is present in 
31% of European populations and in only 6% of Asian popu- 
lations, but in almost 56% of individuals of African descent. 
As a result of these differences in allele frequencies, this SNP 
is vulnerable to confounding effects of ethnic admixture in 
genome-wide association studies. In fact, the association 
between the A allele of rs 100673 7 and bipolar disorder, first 
reported in a Caucasian population, could not be replicated 
with genome-wide significance in individuals of African 
descent or in some studies in Europe and Asia. 27-29 Although 
the A allele seems to increase the risk of bipolar disorder in 
some population subgroups, most individuals who carry the 
"minor" allele are healthy. Therefore, the question remains 
how rs 100673 7 could influence disease processes in bipolar 
disorder. As the SNP is not located in the coding region of 
the gene CACNAIC, researchers have hypothesized that the 
variant could influence gene expression. In postmortem brain 
studies, scientists found evidence of reduced CACNA 1 C gene 
expression in individuals with the A allele, particularly in 
the cerebellum but not in other brain regions. 30 However, 
this finding could not be replicated by other researchers, and 
some groups have even found increased gene expression. 31 
Further research is clearly needed to explain these discrepan- 
cies before definite conclusions can be reached. 

Investigators have studied functional impairment in indi- 
viduals with bipolar disorder who carried the A allele, par- 
ticularly in the domains of executive function and emotional 
face processing. 32 33 Although some researchers have found 
no effect, others reported significant reduction in cognitive 
function, but only in individuals who carried two A alleles, 
compared with patients with only one or no A allele. 34 Several 
groups could not replicate these results or even reported 
effects in the opposite direction. 35 - 36 The results in patients 
with bipolar disorder have been inconclusive. Despite these 
discrepancies, studies generally agree that significant effects 



have not been observed in healthy individuals. Several factors 
could have contributed to the conflicting results, including 
small effect sizes and small sample sizes, in addition to dif- 
ferences in methodology, analysis, and interpretation across 
studies. Additional complexity has been added to the debate 
after researchers discovered a significant association signal 
with rs 100673 7 in a study in which patients with major affec- 
tive disorder, bipolar disorder, autism spectrum disorder, 
attention-deficit/hyperactivity disorder, and schizophrenia 
had been combined. This finding indicated a lack of clini- 
cal specificity. 37 Recently, studies have claimed additional 
intronic SNPs in and around CACNAIC as being associated 
with psychiatric disorders, but replication and functional 
studies are still lacking. 38 - 39 

Psychiatric genetics is rooted in the assumption that 
common genomic variants tag functional variants in or 
around the gene closest to the common variant. Therefore, 
it is often implied that the closest gene might have some 
functional role in the disease processes of the associated 
disorder. CACNA 1 C is a large gene with over 11,541 known 
variants. Most of these variants are located in the introns 
and regions downstream of the gene. Missense mutations in 
exons are very rare. C4CA^/Ccodes for the alpha- 1 subunit 
of a voltage-dependent calcium channel. This subunit forms 
a transmembrane channel through which calcium ions enter 
the cell. Calcium channels are important neuronal regulators 
of muscle contraction in the heart, but they are also involved 
in skeletal muscle contraction. In the brain, CACNA 1 C could 
be involved in axon guidance and synaptic transmission. 
Mutations in the coding region of CACNAIC are the cause 
of Timothy syndrome (Mendelian Inheritance in Man [MIM] 
#601005), a rare Mendelian disorder, also known as long QT 
syndrome with syndactyly. 40 ^ 2 

Timothy syndrome is a multiorgan disease with lethal 
arrhythmias and congenital heart disease, developmental 
abnormalities of fingers and toes, immune deficiency, inter- 
mittent hypoglycemia, cognitive impairment, and behavioral 
abnormalities resembling autism. The syndrome is caused by 
one of two known heterozygote mutations (p.Gly402Ser and 
p.Gly406Arg) in exon 8 of the gene. This functional region 
encodes the transmembrane calcium channel. The mutated 
codon is a key regulator of calcium transport across the cell 
membrane. If one of these mutations is present, increased 
calcium influx into the cell occurs, resulting in increased 
excitability of the cell. Because of these severe consequences, 
children with Timothy syndrome often die at the age of 
2 or 3 years. Survival into adulthood is very rare. However, 
a milder form of the disorder, Brugada syndrome type 3 
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(MIM #611875), has been described. 43 Brugada syndrome 
is characterized by cardiac arrhythmia with characteristic 
electrocardiogram changes. Sudden death could occur due 
to ventricular fibrillation, even though most individuals with 
this syndrome survive into adulthood. The disorder is caused 
by heterozygote mutations in different functional regions of 
CACNA1C (Gly490Arg in exon 10 and Ala39Val in exon 2). 
Current knowledge suggests that mutations in the coding 
region of the gene CACNA 1 C do not lead to bipolar disorder 
but rather to a monogenic Mendelian disorder with cognitive 
disability and autistic features. 

In mice, homozygous mutations that completely eliminate 
the CACNA 1C protein are lethal. Mutations that impaired 
the protein function resulted in reduced insulin secretion, 
glucose intolerance, poor motor coordination, increased 
anxiety, and hypoactivity in some studies. 44 In more than 
69 papers, researchers have explored the relationship between 
rs 1006737 and bipolar disorder, as well as other psychiatric 
disorders. 45 However, further work is clearly needed before 
the SNP rsl006737 could be established as an undisputed 
genetic risk factor for bipolar disorder. 

ODZ4 (teneurin 
transmembrane protein 4) 

The common variant rsl2576775 in the intron of gene 
ODZ4 has been associated with bipolar disorder. However, 
significant association has also been established with autism 
spectrum disorders, attention-deficit/hyperactivity disorder, 
major depressive disorder, and schizophrenia in a combined 
analysis of these psychiatric disorders. 22,37 - 38 - 46 The variant 
has a minor allele frequency of about 1 0% across all ethnic 
populations with the exception of European populations, in 
which the minor allele occurs in about 20% of individuals. 
Researchers have studied the effect of rsl2576775 in indi- 
viduals with bipolar disorder and also in healthy individuals 
using functional and structural brain imaging; however, the 
results of these studies have been inconclusive. 47-50 

ODZ4 is a large transmembrane protein and its structure 
resembles signal transduction molecules. 51 During brain devel- 
opment, ODZ4 appears to play a central role in the regulation 
of neuronal and synaptic connectivity. 52 At later stages of brain 
maturation, ODZ4 has been shown to orchestrate the develop- 
ment and differentiation of oligodendrocytes and the myelina- 
tion of neuronal axons. 53 The gene has 14,410 known variants, 
but mutations in the coding region of the gene are not known 
to cause a Mendelian disorder. Knowledge about ODZ4 is still 
very limited and more functional studies are clearly needed 
before clinical applications could be considered. 



NCAN (neurocan) 

NCAN is a large gene located on chromosome 1 9p 13.11. 
The SNP rsl064395, which is found in an intronic region of 
the gene, has been associated with bipolar disorder in one 
study, 54 but so far not all studies have replicated this finding. 55 
Even though association between variants in NCAN and 
schizophrenia has been tested no genome-wide significant 
results have been found. 56 Rsl064395 affects only one of five 
alternative transcripts of the gene. Significant differences in 
allele frequencies of the associated allele have been observed 
across all ethnic populations. Although the overall frequency 
of the A allele (or disease-associated allele) is about 23%, 
it is the major allele in 51% of African populations. The 
disease-associated allele is present in only 12% of individu- 
als in Asia and in 15% of individuals in Europe. Studies in 
postmortem brains of individuals with bipolar disorder or 
schizophrenia found increased cortical folding in some brain 
regions of patients with the A allele compared with healthy 
controls; however, no effect of the A allele was detected in 
the comparison of healthy individuals with the A allele and 
healthy individuals with the alternative allele. 57 

The gene NCAN codes for a large secreted protein that 
is found predominantly in the extracellular space, the lumen 
of the Golgi apparatus, and the lysosomal cavities. Public 
databases list 74 1 known variants in the gene, but coding vari- 
ants have not been associated with any Mendelian disorder. 
The protein is involved in the modulation of cell adhesion, 
cell migration, and axon guidance. However, knockout mice 
had normal brain structure and function. Mild deficits in 
synaptic plasticity in neurons of the hippocampus have been 
observed, 58 but only the complete knockout of four related 
proteoglycans resulted in severe structural and functional 
abnormalities. 59 These findings indicate that alternative 
mechanisms might exist to compensate for the loss of func- 
tion of the NCAN protein. 

Associations with genomic variants in NCAN do not 
appear to be disease specific. SNPs close to the gene have 
been associated with abnormalities in lipid metabolism at 
the genome-wide level of statistical significance in various 
ethnic populations; 60-64 however, negative results have also 
been reported. 65 

The question remains how to interpret statistically signifi- 
cant association signals with common genomic variants and 
how to translate the results into clinical practice. It remains 
to be seen to what degree statistically significant associa- 
tion signals indicate genetic risk factors and how they could 
explain disease processes leading to bipolar disorder. Based 
on current knowledge, any genetic testing for bipolar disorder 
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involving common genetic variants lacks scientific support 
and is clearly premature. 

Chromosomal disorders 

with symptoms of bipolar disorder 

Most clinicians would agree that bipolar disorder is a complex 
and multifactorial disorder with a relatively low recurrence risk. 
Psychiatric symptoms, however, are also common in certain 
rare monogenic Mendelian disorders and chromosomal disor- 
ders, also known as duplication and deletion syndromes. Even 
though these diseases do not meet the classic description of 
bipolar disorder or schizophrenia, they could present with acute 
symptoms of mania, severe depression, or psychosis; therefore, 
the differential diagnosis could be challenging. Even though 
these conditions are individually very rare, together they present 
a nonignorable fraction of cases with psychiatric symptoms. 
The Online Mendelian Inheritance in Man (OMIM) database 



lists about 88 entries with mood symptoms, and about 64 of 
these conditions are chromosomal disorders. 66 Psychosis in 
Mendelian disorders is even more common than extreme mood 
symptoms. In fact, symptoms of hallucinations and delusions 
are described in about 138 entries in OMIM, and 93 of these 
are chromosomal disorders. Some of these disorders are rare 
dominant Mendelian conditions or structural abnormalities 
shared with a parent. Under these circumstances, the recur- 
rence risk could be as high as 50%. Therefore, it is essential to 
consider these disorders in the differential diagnosis of bipolar 
disorder or schizophrenia so that the correct diagnosis can be 
established and the families counseled about the increased 
recurrence risk. Although it is beyond the scope of this review to 
cover this topic comprehensively, I will present four examples 
of chromosomal disorders and one example of a rare Mendelian 
disorder in which mood symptoms and psychosis are part of 
the clinical presentation (Table 1). 



Table I Phenotype comparison of four rare chromosomal disorders and one monogenic Mendelian disorder reveals strong similarities 
and overlapping psychiatric symptoms" 



Genetic abnormality 


PWS 






VCF 


SMS 


del ISql 1 


del I5q 13.3 


del I0q26 


del 22ql 1 


RAM (I7pl 1.2) 


OMIM 


#176270 


#612001 


#609625 


#192430 


#182290 


Depression 


X 


X 




X 


X 


Rapid mood swings 


X 


X 


X 


X 


X 


Irritability 


X 








X 


Hyperactivity 




X 


X 


X 


X 


Impulsivity 


X 


X 






X 


Aggressiveness 


X 


X 


X 




X 


Self-injurious behavior 










X 


Sleep disorder 










X 


Circadian abnormalities 










X 


Attention deficit 


X 


X 


X 


X 


X 


OCD 


X 


X 




X 


X 


Anxiety disorders 




X 




X 




Psychosis 


X 


X 




X 




Learning disability 






X 


X 


X 


Mild intellectual disability 


X 


X 


X 


X 


X 


Moderate intellectual disability 


X 


X 


X 


X 


X 


Severe intellectual disability 




X 


X 


X 




Language delay 


X 




X 


X 


X 


Autistic features 


X 


X 


X 


X 




Seizure disorders 


X 


X 






X 


Obesity 


X 








X 


Cardiac abnormalities 




X 


X 


X 




Urogenital abnormalities 






X 






Endocrine abnormalities 


X 






X 




Skeletal abnormalities 


X 


X 


X 




X 


Facial abnormalities 


X 


X 


X 


X 


X 


Frequency 


1:22,000 


1:22,000 


Unknown 


1:2,000 


1:15,000 



Notes: a Chromosomal deletion syndromes and monogenic Mendelian disorders share many symptoms with psychiatric disorders, even though the disease course is not 
specific for any one single disorder. The presence of intellectual disability, facial abnormalities, and neurologic symptoms could indicate a genetic syndrome rather than a 
common complex psychiatric disorder. 

Abbreviations: OCD, obsessive-compulsive disorder; OMIM, Online Mendelian Inheritance in Man; PWS, Prader-Willi syndrome; RAI, retinoic acid-induced I gene; SMS, 
Smith-Magenis syndrome; VCF, velo-cardio-facial syndrome. 
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Prader-Willi syndrome (MIM #176270) 
(chromosome I5ql I deletion syndrome) 

Prader-Willi syndrome is a classic example of a chro- 
mosomal disorder with prominent mood symptoms and 
psychosis. This syndrome, also known as chromosome 
15ql 1 deletion syndrome, is characterized by obesity, small 
hands and feet, characteristic facial features, and mild to 
moderate intellectual disability. Children with Prader-Willi 
syndrome develop severe mood disorder with frequent mood 
swings, irritability, and aggressive outbursts, as well as 
obsessive-compulsive behavior. 67 Attention deficit, autism, 
and language delay are also commonly observed. 68 69 During 
early adulthood, hallucinations and delusions occur in almost 
30% of cases while mood symptoms persist. Seizure dis- 
orders are not uncommon in Prader-Willi syndrome. 70 The 
syndrome is caused by an imbalance between maternal and 
paternal genetic material on chromosome 15qll. These 
imbalances could result from a small deletion on the pater- 
nal chromosome, which could vary considerably in size. 
The smallest deletion described in the literature removed 
a differentially methylated 5' regulatory exon of the gene 
SNRPN (small nuclear ribonucleoprotein polypeptide N), 
which changed the methylation pattern and, consequently, 
the gene expression levels of hundreds of genes. 71 Less com- 
monly, a duplication of maternal material is found. Even 
though most cases develop spontaneously, familial trans- 
mission has been observed, and transmitting mothers are 
asymptomatic. 72 The syndrome occurs with a prevalence of 
about one in 22,000 worldwide. The chromosomal changes 
in this syndrome are disease specific and highly penetrant. 
If the clinical presentation suggests Prader-Willi syndrome, 
genetic testing and counseling are recommended. 

Chromosome 1 5q 1 3.3 deletion 
syndrome (MIM #612001) 

Adjacent to the Prader-Willi region, a large two megabase 
deletion on chromosome 15ql3.3 has been described. 
Patients with this chromosomal abnormality have mild to 
moderate intellectual disability and mild dysmorphic fea- 
tures of the hands and face. 73 74 Frequently, carriers of the 
deletion develop seizure disorders and autistic traits. 75-77 The 
clinical presentation of individuals with the 1 5ql 3.3 deletion 
syndrome is highly variable, ranging from asymptomatic to 
severe intellectual impairment. 78 Behavioral abnormalities 
are common and include aggressiveness, impulse control 
problems, attention deficits, and hyperactivity. 79 80 Individuals 
are sometimes misdiagnosed with bipolar disorder or 



obsessive-compulsive disorder. Anxiety disorders and 
phobias have also been described. Psychotic symptoms 
could lead to the diagnosis of schizophrenia in some cases, 
even though the syndromic gestalt of the disorder does not 
fit classical descriptions of schizophrenia. 81 - 82 Increasing 
evidence suggests that reduced function of the gene CHRNA 7 
is responsible for the neuropsychiatric deficits in this dele- 
tion syndrome. 83,84 Carriers of deletions involving the gene 
CHRNA 7 have severe mental disability, seizure disorders, 
and low muscle tone. 85 On brain imaging studies, mild 
hypogenesis of the corpus callosum has been detected. The 
15ql3.3 microdeletion is a contiguous gene deletion inherited 
in an autosomal dominant manner. Approximately 25% of 
15ql3.3 microdeletions are de novo; approximately 75% 
are inherited. 86 Offspring of an individual with the 1 5ql 3.3 
microdeletion have a 50% chance of inheriting the deletion. 
Although prenatal testing is technically feasible, it is not 
possible to reliably predict the phenotype based on the labora- 
tory finding of a 15ql3.3 microdeletion, because of reduced 
penetrance. Mutations on the nondeleted chromosome could 
have disease-modifying effects. 

Chromosome I0q26 deletion 
syndrome (MIM #609625) 

The chromosome 10q26 deletion syndrome is characterized 
by mild to moderate intellectual disability, short stature, 
small head, and characteristic facial features. Cardiac, renal, 
and genital abnormalities have been described in some 
individuals. 87 Rapid mood swings are common: eg, very 
affectionate behavior could unpredictably turn into aggres- 
sive and provocative actions. 88 Hyperactivity and attention 
deficits are also common. 89,90 Poor speech and language 
development, as well as autistic traits, have been described. 
Cognitive impairment is highly variable and can range from 
mild learning disabilities to severe mental handicap and 
absent speech. Familial transmission has been described, 91 
and in these instances the risk could be as high as 50%. 

Velo-cardio-facial syndrome 

(MIM #602054) (chromosome 22ql I 

deletion syndrome) 

Velo-cardio-facial syndrome is caused by a three megabase 
deletion on chromosome 22ql 1 spanning about 40 genes. 
The deletion has a population prevalence of about one in 
2,000. The syndrome is a multiorgan, complex disorder. The 
spectrum of symptoms is wide-ranging, from near normal to 
severe impairment and even life-threatening manifestations. 92 
Familial transmission and intrafamilial variability have 
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been reported. 93 Psychiatric symptoms are common. 
Children and adolescents with velo-cardio-facial syndrome 
are at increased risk for depression, anxiety, and attention- 
deficit/hyperactivity disorders. 94,95 Obsessive-compulsive 
behavior and autistic features are also not uncommon. About 
30% of individuals with the deletion develop behavioral 
symptoms that could resemble bipolar disorder, or even hal- 
lucinations and delusions. 96 - 97 Some individuals have been 
diagnosed with schizophrenia because of intellectual decline 
after the onset of psychosis. 98 99 

Monogenic disorders with 
symptoms of bipolar disorder 

Point mutations and other genomic changes in a single gene 
could change the structure and function of the encoded 
protein. Sometimes, the loss of a single gene can result 
in severe complex disorders, also known as monogenic 
Mendelian disorders. Familial transmission of these disor- 
ders is very rare in severely affected individuals with early 
onset, but it is not uncommon in milder cases or disorders 
with onset in adulthood. 

Smith-Magenis syndrome (MIM #182290) 

Smith-Magenis syndrome is a genetic syndrome character- 
ized by mild to moderate intellectual disability, self-injurious 
behaviors, obesity, skeletal abnormalities, and characteristic 
facial features. 100 Sleep disturbances are common due to 
abnormal circadian rhythms. The syndrome could be caused 
by a microdeletion on chromosome 1 7p 1 1 .2, but most of the 
symptoms have been traced back to the loss of function of a 
single gene, RAI1 (retinoic acid induced 1). Small deletions, 
frameshift mutations, premature stop codons, and missense 
mutations in RAI1 could result in all the major features 
of the syndrome. 101102 Smith-Magenis syndrome affects 
approximately one in 25,000 individuals. 103 Genetic testing 
for this disorder is well established, and genetic counseling 
is recommended. 

Summary 

In common complex disorders, genome-wide association 
studies have identified common variants that might indicate 
a small increase in genetic risk. Based on these results, the 
possibility of genetic testing has been discussed among cli- 
nicians, researchers, and patients alike. 104 Although genetic 
testing is well established for chromosomal disorders or 
monogenic Mendelian disorder, the issue is more ambiguous 
in common complex multigenic conditions, due to the nature 
of the identified genomic variants. In the current debate, it 



might be advisable to learn from established principles and 
practices. The National Institutes of Health/Department 
of Energy Task Force on Genetic Testing has established 
three criteria that should be fulfilled before a new genetic 
test can be introduced, particularly in the context of genetic 
screening. 105 These criteria are analytical validity, clinical 
validity, and clinical utility. Analytical validity refers to 
the accuracy and precision of a genetic test performed in a 
clinical laboratory. The second criterion, clinical validity, 
refers to a range of clinical performance measures, including 
clinical sensitivity, clinical specificity, and positive predic- 
tive value. The third requirement, clinical utility, refers to 
the usefulness of a test in clinical settings to improve the 
health of individuals. 

Chromosomal disorders and monogenic Mendelian disor- 
ders with mood symptoms and psychosis are caused by rare 
structural genomic variants and protein-damaging mutations 
in single genes. Rare genetic mutations in these conditions 
are functional, disease specific, and highly penetrant. Even 
though these conditions are individually rare, they could still 
pose a nonignorable risk because the recurrence rate could 
be as high as 50% if the genetic risk factor is also present in 
one of the parents. As transmitting parents might be asymp- 
tomatic, genetic testing is recommended for every individual 
in whom mood symptoms are combined with neurological 
abnormalities or cognitive symptoms suggesting a Mendelian 
disorder or genetic syndrome. 

Although genetic tests for Mendelian disorders and 
chromosomal disorders are well established, specific, and 
sensitive with high predictive value, the issue is more con- 
troversial for common complex disorders. After all, most 
individuals who carry the common "risk" allele are healthy 
and are not expected to develop the disease. In addition, the 
associated variants are usually not disease specific but have 
been associated with a wide range of disorders. Therefore, 
common variants are not suitable to predict the presence or 
absence of a clinical disease or the likelihood of developing 
a disease. In summary, the clinical utility of genetic tests for 
common complex disorders has not been clearly established, 
and the risk-benefit ratio remains unclear. Therefore, the 
risk of misinterpretation and misuse of genetic tests in com- 
mon complex psychiatric disorders is high, especially if the 
tests are directly marketed to consumers. The potential for 
stigmatization, discrimination, anxiety, and burden on fam- 
ily relationships is real and should not be underestimated. 
As the field of psychiatric genetics advances, community 
interests, particularly regarding those who carry a "risk" 
allele - in some cases more than 50% of a specific ethnic 
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population - should be assessed and risk-benefit ratios 
discussed. Clearly, more work is needed before genetic test- 
ing for common complex disorders can be established. 
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